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Abstract of EP0849108 

A control apparatus (CA) produces an electrical 
signal representative of the position of a 
manually-operable control member, such as an 
accelerator pedal (P). The apparatus includes a 
rotary member (W) which simulates the position 
of the control member and which engages a 
resilient obstruction (S) when it is rotated to a 
threshold position. This obstruction offers 
substantial resistance when the rotary member 
engages it in a first direction, but not when the 
rotary member engages the obstruction in an 
opposite second direction. 
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(54) Electrical control apparatus with unidirectional tactile indicator 



(57) A control apparatus (CA) produces an electri- 
cal signal representative of the position of a manually- 
operable control member, such as an accelerator pedal 
(P). The apparatus includes a rotary member (W) which 
simulates the position of the control member and which 
engages a resilient obstruction (S) when it is rotated to 



a threshold position. This obstruction offers substantial 
resistance when the rotary member engages it in a first 
direction, but not when the rotary member engages the 
obstruction in an opposite second direction. 
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Description 

Background of the invention 

1 . Field of the Invention 

This invention relates to a control apparatus for pro- 
ducing an electrical signal representative of the position 
of a manually-operable control member and, in particu- 
lar, to such an apparatus including means for unidirec- 
tionally giving a tactile indication when the control 
member has been moved to a threshold position. 

2. Description of Related Art 

One particularly useful application for such a con- 
trol apparatus is in state-of-the-art automotive vehicle, 
where conventional mechanical linkages between con- 
trol members and the mechanisms being controlled are 
being replaced by drive-by-wire systems. When this 
occurs, tactile signals previously communicated to the 
vehicle operator by the mechanical linkages are lost. 

In some cases, these signals provide indications of 
control member threshold positions which will trigger 
significant changes in the operation of the controlled 
mechanisms. One example is an indication of an accel- 
erator pedal kick-down position in automotive vehicles 
equipped with automatic transmissions. When the 
accelerator pedal is depressed to this position, the 
transmission shifts into a passing gear. In conventional 
vehicles, a tactile indication that this pedal position has 
been reached is communicated to the operator by the 
transmission via mechanical linkage between it and the 
pedal. 

U.S. Patent 4,869,220 describes an accelerator 
control apparatus including a combination of springs for 
simulating the "feel" of an accelerator pedal in a drive- 
by-wire system. No means is provided, however, for giv- 
ing a tactile indication when a threshold position is 
reached. Further, it is desirable that such an indication 
be given only when the threshold position is reached 
and not again when the control member is returned to 
an initial non-threshold position. 

Summary of the Invention 

It is an object of the invention to provide a control 
apparatus which gives a tactile indication when a con- 
trol member reaches a threshold position. 

It is another object of the invention to provide such 
a control apparatus which gives such a tactile indication 
when the control member is moved in one direction to 
the threshold position, but not when it is moved in the 
opposite direction. 

In accordance with the invention a control appara- 
tus, for producing an electrical signal representative of 
the position of a movable control member to which it is 
coupled, includes a rotary member which is rotatable 



about an axis from a first angular position to a second 
angular position. Coupling means couples the rotary 
member to the control member to effect rotation of the 
rotary member with movement of the control member 

5 such that the angular position of the rotary member rep- 
resents the position of the control member. Biasing 
means urges the rotary member toward the first angular 
position against a force to be transmitted by the cou- 
pling means from the control member. A first engage- 

w ment means is attached to the rotary member for 
movement with the member along a predetermined 
path. A second engagement means is disposed for 
obstructing the path by contacting the first engagement 
means at a predetermined angular position of the rotary 

75 member, which corresponds to a threshold position of 
the control member. One of the first and second 
engagement means comprises resilient engagement 
means which substantially opposes passage of the 
other engagement means when the rotary member is 

20 rotated in a first direction to the predetermined angular 
position, but which insubstantially opposes passage of 
the other engagement means when the rotary member 
is rotated in an opposite second direction to the prede- 
termined angular position. 

25 

Brief Description of the Drawing 

Figure 1 is a diagram of an exemplary system incor- 
porating a control apparatus in accordance with the 
30 invention. 

Figure 2 is a front view of a first embodiment of a 
control apparatus in accordance with the invention. 

Figures 3a - 3h are sequential front views of the first 
embodiment of the control apparatus, illustrating opera- 
35 tion of the embodiment. 

Figure 4 is a graph showing forces produced by the 
control apparatus during operation. 

Figure 5 is a front view of a second embodiment of 
a control apparatus in accordance with the invention. 

40 

Description of the Preferred Em bodiments 

Figure 1 illustrates an exemplary drive-by-wire sys- 
tem in which a control apparatus in accordance with the 
45 invention may be used. The system includes the control 
apparatus CA, a pedal assembly PA for applying a force 
F to the control apparatus, and an electronic control unit 
ECU. 

The control apparatus CA includes a cable wheel W 
so and a torsion spring S. The cable wheel is rotatably 
attached to a fixed bracket B CA for rotation around an 
axis X between a first stop ST 1 and a second stop ST 2 . 
The torsion spring S is centered around the axis X, has 
a radially-extending first end E>| attached to the cable 
55 wheel W between a first pair of axially-extending pins 
and has a second end E 2 attached to the bracket B CA 
between a second pair of axially-extending pins. This 
spring biases the cable wheel in a counter-clockwise 
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direction around the axis X to the position shown in Fig- 
ure 1. 

The pedat assembly PA includes a bent lever L and 
a pedal P. The lever is pivotally attached to a fixed 
bracket Bp for pivoting about an axis Y Similarly, the 
pedal P is pivotally attached to one end of the lever L for 
pivoting around an axis Z. An opposite end of the lever 
is connected to the cable wheel W via a cable C for 
transmitting the force F to the wheel. This cable has one 
end attached to a pin P L at the end of the lever, extends 
around an arc-shaped portion of the wheel, and has an 
opposite end attached to a pin P w in the wheel. 
Although not shown in Figure 1 , spring means are pro- 
vided for biasing the end of the lever L with the pin P L 
away from the control apparatus CA. 

The electronic control unit ECU includes a number 
of inputs, for receiving signals from vehicle sensors, and 
a number of outputs for transmitting signals to vehicle 
components controlled by the unit. In this example, one 
of the inputs is electrically connected to the control 
apparatus CA, via a signal cable SC, for receiving a 
throttle signal having a magnitude representing the 
angular position of the cable wheel W (and also of the 
pedal P). The throttle signal is produced by a sensor 
(not shown), such as a potentiometer which is attached 
to the bracket B CA and includes a shaft coupled to the 
cable wheel for rotation about the axis X with the wheel. 
In response the magnitude of the throttle signal, the 
electronic control unit transmits a signal to a throttle 
actuator for controlling engine speed. Additionally, when 
the magnitude of the throttle signal indicates that the 
vehicle operator has depressed the pedal P to a thresh- 
old position, to demand maximum acceleration, the 
electronic control unit transmits a kick-down signal to 
the automatic transmission to effect shifting into a pass- 
ing gear. 

Figure 2 illustrates, in greater detail than Figure 1, a 
first embodiment of the control apparatus CA. In this 
embodiment, the cable wheel W is rotatably mounted 
about a shaft 1 1 which is rigidly attached to the bracket 
B CA . The cable wheel includes a grooved rim 12 around 
which the cable C is guided to an annular collar 14 in 
which the attachment pin P w is secured. This collar 
includes a notch 16 through which the cable C can be 
passed when inserting the attached pin P w into the col- 
lar 14. The cable wheel W also includes a backplate 18, 
for guiding the cable C onto the rim, and preferably fur- 
ther includes a corresponding frontplate (not shown) for 
keeping the cable from sliding off of the front side of the 
rim 12. The torsion spring S is not shown in this figure, 
but is disposed between the cable wheel and the 
bracket. 

The bracket B CA serves both as a means for mount- 
ing the control apparatus CA and as a back wall of a 
housing for the cable wheel and associated means for 
producing the tactile indication when the control mem- 
ber (the pedal P in this example) is moved to the thresh- 
old position. This housing also includes a 
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circumferential side wall 20 which extends from the 
bracket and includes a guide hole 22 through which the 
cable C passes to the control member. The side wall 20 
also includes inner surface portions which serve as the 

5 first and second stops ST 1 and ST 2 for flat-ended pro- 
jections 24 and 26, respectively, of the cable wheel W. 

The means for producing the tactile indication of the 
threshold position include first and second engagement 
means 28 and 30, respectively. The first engagement 

io means 28 comprises a pin which extends axial ly 
through the cable wheel W and has a center and a radi- 
ally outward surface which describe arcs with radii R<j 
and Rq, respectively, as the wheel rotates about the axis 
X. These arcs bound a path of the pin 28 which is 

15 obstructed by the second engagement means 30. 

The second engagement means comprises a rotat- 
able bracket 31 , a first stop 32, a second stop 33, a leaf 
spring 34 and a tension spring 35. Each of the stops 32 
and 33 comprises a pin which extends from, and is rig- 
so idly attached to, the bracket B CA . The bracket 31 is 
rotatable about a pin 36, which extends from the bracket 
B C A- and securely holds a substantial length of the leaf 
spring 34. The tension spring 35 has one end attached 
to the bracket B CA and on opposite end attached to the 

25 bracket 31 such that it applies a force F 35 at a moment- 
arm distance D 35 , to the bracket 31 . This force holds the 
rotatable bracket 31 against the first stop 32 such that a 
looped end of the leaf spring 34 extends into the path of 
the pin 28. The second stop 33 limits travel of the 

30 bracket 31 during operation. 

Rgures 3 and 4 illustrate operation of the control 
apparatus of Figure 2. Initially, the cable wheel W is in 
the position shown in Figure 3a, which corresponds to 
the position shown in Figure 2. In this position, the pro- 

35 jection 24 is held against the stop ST-j by the force indi- 
cated at point 10 in Figure 4, which is developed by the 
torsion spring S shown in Figure 1. In order to overcome 
friction and begin the cable wheel rotating, the force F 
must be increased to the magnitude indicated at point 1 

40 in Figure 4. 

As the force F is increased, to overcome a linearly- 
increasing force developed by the torsion spring S, the 
wheel W rotates to the position indicated at point 2 (Fig. 
4), which is shown in Figure 3b. In this position, which is 

45 the threshold position, the pin 28 contacts the end of 
leaf spring 34 and the force F must be substantially 
increased (approximately doubled in this example) to 
bend the leaf spring sufficiently to rotate the wheel to 
the position indicated at point 3 and shown in Figure 3c. 

so At this position, the pin 28 slides across the looped end 
of the leaf spring 34. The force F needed to continue 
rotating the wheel W suddenly decreases to the magni- 
tude indicated at point 4 as the wheel rotates to the 
position shown in Figure 3d. To continue rotating the 

55 wheel to the position where the projection 26 contacts 
the stop ST 2 (Figure 3e), the force F must be increased 
to the magnitude indicated at point 5. 

As is shown in the graph of Figure 4, the force vs. 
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position curve of the control apparatus CA exhibits hys- 
teresis. In order to begin the pin 28 on its return path, 
the force F first must be reduced to the magnitude indi- 
cated at point 6. This reduction occurs because, when 
cooperating with the force of rotation applied by the tor- 5 
sion spring S, this spring itself overcomes friction. 

As the force F is reduced to that indicated at point 
7, the wheel W rotates to the position (Fig. 3f) where pin 
26 once again contacts the leaf spring 34. Since the 
wheel is rotating in a counter-clockwise direction, how- 10 
ever, the leaf spring and the bracket 31 are free to rotate 
as a unit, about pin 36, against the force F 35 applied by 
tension spring 35. This force need only be sufficient to 
return the rotatable bracket 31 to its position against 
stop 32, and this force is much smaller than that exerted is 
by the leaf spring 34 on the pin 28 at position 3. Further, 
the moment arm for this force, having the distance D 35 , 
is several times smaller than the moment arm extending 
from pin 36 to the looped end of the leaf spring 34. By 
appropriately selecting the spring 35 and the ratio of 20 
these two moment arms, the change in the force F 
needed to effect rotation of the wheel W from the posi- 
tion indicated at point 7 to that indicated at point 8 (Fig 
3g) can be made to decrease substantially linearly at a 
slope approximating that of the spring force produced 2s 
by the torsion spring S. 

By further decreasing the force F, the angular posi- 
tion of the wheel W continues to change linearly. The 
wheel passes through the position shown in Figure 3h 
when the force F has the magnitude indicated at point 9, 30 
and finally returns to the position shown in Figure 3a as 
the force F is reduced to the magnitude indicated at 
point 10. 

Figure 5 shows a second embodiment of the control 
apparatus CA, which has a simpler and higher reliability, 35 
single-spring means for producing a tactile indication of 
the threshold position. It also provides means for more 
easily adapting the angular range of rotation of the 
wheel W to meet design requirements for different appli- 
cations. 40 

This embodiment includes many parts which are 
substantially identical to those of the first embodiment. 
These parts are identically numbered. The cable wheel 
W differs from that of the first embodiment in two signif- 
icant respects. One difference is the use of projections 45 
24' and 26' which pass through respective slots in a cir- 
cumferential side wall 20' to contact opposite ends of a 
stop ST By simply changing the length of this stop, the 
angular range of rotation of the wheel can be changed 
to meet design requirements for different applications, so 
Another difference is the use of a cam 28* for the first 
engagement means. The profile of this cam can be 
readily modified to adjust the shape of the force vs. 
angular position curve at the threshold position. 

As is shown in Figure 5. the second engagement 55 
means comprises first and second, generally L-shaped, 
pivot arms 40 and 41 , respectively, and a tension spring 
42. The first pivot arm 40 includes a stop surface 40a 
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and a cam surface 40b and is mounted for pivoting 
around the axis of a pin 43. The second pivot arm 41 is 
mounted for pivoting around the axis of a pin 44, that is 
secured to the pivot arm 40, and includes a roller 45 
which is mounted for rotation about the axis of a pin 46 
that is secured in a hole in the arm 41 and extends back 
sufficiently far to contact the cam surface 40b. The ten- 
sion spring 42 has opposite ends secured to a pin 47 
(extending from the bracket B CA ) and to a pin 48 
(secured to the pivot arm 41). 

When in the rest position shown in Figure 5, the sin- 
gle spring 42 directly pulls on arm 41 to hold pin 46 
against the bottom of cam surface 40b. Further, spring 
42 indirectly pulls on arm 40 (via the connection of arm 
41 to arm 40 by pin 44) to hold stop surface 40a against 
a curved rear surface 49 extending from the bracket 
B CA . This surface lies directly behind the cicumference 
of cable wheel W. 

Operation of the embodiment of Figure 5 is also 
generally illustrated by Figure 4. During rotation of the 
wheel in the clockwise direction, cam 28* contacts roller 
45 at the threshold position (point 2) and pushes pin 46 
downwardly against cam surface 40b, causing arm 40 
to rotate about the axis of pin 43 against the force of the 
spring 42. The moment arm about the axis of pin 43 for 
the force applied to pin 48 by the spring is substantially 
larger than that for the force applied to pin 46 by the cam 
28'. When the wheel is rotated to the position indicated 
by point 4, the cam 28* clears the roller 45 and the stop 
surface 40a returns to its contact with surface 49. At the 
position indicated by point 5, the projection 26' contacts 
the right end of stop ST 

During return of the wheel to the rest position by 
counterclockwise rotation, the cam 28* again contacts 
roller 45. In this direction, however, arm 41 is free to 
rotate around the axis of pin 44 without moving arm 40. 
The moment arm about this axis for the force applied to 
pin 48 by the spring is much smaller than that for the 
force applied to pin 46 by the cam 28*. 

Although preferred embodiments of a control appa- 
ratus in accordance with the invention have been 
described in detail, many alternative constructions can 
be made. For example, the apparatus need not be cou- 
pled to a movable control member via a cable. This 
function could be performed equally well via alternative 
means such as a shaft extending along axis X which is 
directly or indirectly coupled to the control member. As 
another alternative, rather than using a cable, the wheel 
W could be connected to the control member via a bell- 
crank having a first rod extending to the collar 14 and 
having a second rod extending to the control member. 

Claims 

1 . A control apparatus for producing an electrical sig- 
nal representative of the position of a movable con- 
trol member to which it is coupled, said apparatus 
comprising: 
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a. a rotary member, rotatabfe about an axis 
from a first angular position to a second angu- 
lar position; 

b. coupling means for coupling the rotary mem- 
ber to the control member to effect rotation of 5 
the rotary member with movement of the con- 
trol member, such that the angular position of 
the rotary member represents the position of 
the control member; 

c. biasing means for urging the rotary member 10 
toward the first angular position against a force 

to be transmitted by the coupling means from 
the control member; 

d. first engagement means attached to the 
rotary member for movement with said mem- rs 
ber along a predetermined path; and 

e. second engagement means disposed for 
obstructing said path by contacting the first 
engagement means at a predetermined angu- 
lar position of the rotary member correspond- 20 
ing to a threshold position of the control 
member; 

one of said first and second engage- 
ment means comprising resilient engagement 
means which substantially opposes passage of 25 
the other engagement means when the rotary 
member is rotated in a first direction to the pre- 
determined angular position, but which ^sub- 
stantially opposes passage of the other 
engagement means when the rotary member 30 
is rotated in an opposite second direction to the 
predetermined angular position. 

2. A control apparatus as in claim 1 where one of said 
first and second engagement means comprises: 35 

a. a contact member which is movable relative 
to the predetermined path when it is contacted 
by the other engagement means; 

b. first spring means for resiliency urging the 40 
contact member against said other engage- 
ment means with a substantial force when the 
rotary member is rotated in the first direction; 
and 

c. second spring means for resiliently urging 45 
the contact member against said other engage- 
ment means with an insubstantial force when 
the rotary member is rotated in the second 
direction. 

50 

3. A control apparatus as in claim 1 where one of said 
first and second engagement means comprises: 

a. a contact member which is movable relative 

to the predetermined path when it is contacted ss 
by the other engagement means; 

b. a first member, rotatable about a first axis 
against a substantial first moment, for resil- 



iently urging the contact member against said 
other engagement means with a substantial 
force when the rotary member is rotated in the 
first direction; and 

c. a second member, rotatable about a second 
axis against an insubstantial second moment, 
for resiliently urging the contact member 
against said other engagement means with an 
insubstantial force when the rotary member is 
rotated in the second direction. 

4. A control apparatus as in claim 3 where the first and 
second moments are produced by the force of a 
common spring. 

5. A control apparatus as in claim 3 where the second 
member is pivotally attached to the first member for 
rotation about the second axis. 

6. A control apparatus as in claim 1 , 2 or 3 where the 
movable control member comprises an accelerator 
pedal. 

7. A control apparatus as in claim 1 , 2 or 3 where the 
rotary member comprises a spring-biased cable 
wheel and where the coupling means comprises a 
cable attached to said wheel. 

8. A control apparatus as in claim 1 , 2 or 3 where the 
biasing means comprises a spring. 

9. A control apparatus as in claim 1 , 2 or 3 where the 
predetermined path lies along an arc disposed at a 
predetermined radius from the axis. 
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FIG. 3A 




FIG. 3B 




FIG. 3C 
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FIG. 3G 




FIG. 3H 
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